Abstract: We experimentally demonstrate the working principle of an all-optical transistor in semiconductor planar microcavities, based on the non-linear interactions between two polariton fluids. The operation as AND/OR gate is shown, validating the connectivity of the system. OCIS codes: Optical nonlinearities of condensed matter (190.4720) Optical technology has proved to be the best choice for the transmission of information at high data rate over long distances. However, the implementation of high-speed, low-energy, all-optical logics in semiconductors represents a formidable challenge due to the intrinsic difficulty of all-optical devices to satisfy the basic system requirements [1] . In particular, cascadability is difficult to obtain in optical systems, and it is assured only if the output of one stage is in the correct form to drive the input of the next stage. In this context, we demonstrate a scheme of all-optical transistor based on exciton polaritons in semiconductor microcavities, which exhibits full connectivity in the same chip plane.
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Exciton-polaritons, which are composite particles resulting from the strong coupling between excitons and photons, have recently demonstrated huge non-linearities and unique propagation properties, being a very promising system for the realization of all-optical devices [2, 3, 4 ]. Here we demonstrate that polariton fluids moving in the plane of the microcavity can operate as input and output of an all-optical transistor. The control operation is performed by a polariton fluid of much lower intensity than the output, which is fed by an Address beam, showing amplification output/input of 12dB. Polariton propagation in the plane of the microcavity is used to control the switching of a second, spatially separated transistor, demonstrating the cascadability of the system. The characteristic times of the switching operation are of the order of the cavity lifetime, which is of about 10ps, while the total activation energy used for the transistor is lower than 1fJ. Moreover, the operation of the polariton transistor as an AND gate is shown, validating the connectivity of multiple transistors in the microcavity plane and opening the way to the implementation of polariton integrated circuits. 
